The study presents 
Introduction
This study presents a probabilistic method to estimate operational fatigue life of structural components of aircraft. From the point of view of the physics of fa-tigue, the method has been based on the Paris formula. It makes use of results of experimental examination of fatigue crack propagation in standard specimens, with the operational load spectrum simulated.
The Paris formula adopted in this study takes account of the operational load spectrum that affects the component under examination and takes the following form: 
where: n i -the number of repetitions of some specific loading level within the standard load spectrum affecting the aircraft (a standard flight), N c -the number of load cycles within the standard load spectrum in the course of aircraft flight, L -the number of loading levels adopted for the digitization of the load spectrum. Relationship (1) can be expressed as a time/the aggregate of flying time. To do this, the following can be assumed:
where: λ -intensity of fatigue load cycles affecting the structural component, t -the aggregate of flying time.
In the case under consideration:
λ , where ∆t stands for the load cycle duration. The working formula for ∆t is as follows:
where: T -duration of a standard flight of an aircraft.
Probabilistic characteristics of crack propagation
With the above-made assumptions and the notation system accepted, some relationships that define the propagation of a crack in the component can be written down using a probabilistic approach.
The following difference equation has been used in [6] for this purpose:
where:
-the probability that the crack length is a for t, i.e. the aggre- 
Having transformed equation (6) and with the adopted notation applied, the following partial differential equation of the Fokker-Planck type can be derived:
-the probability density function of the crack length for t, i.e. The probability density function of the crack length, which depends on the aggregate of flying time is a solution to equation (7) .
where: B(t) is an average value, and A(t) is the variance of the random variable, i.e. the crack length in the case given consideration. Computational formulae can take the following forms:
Values of integrals (9) and (10) depend on the exponent m. For m ≠ 2, after having calculated the integrals (9) and (10), the equations for the average crack length and the variance thereof can be written down in the following way: where:
For m = 2 the probability density function of the crack length is expressed with the following formula:
Equation (4) shows correlation between the number of fatigue cycles and the aggregate of flying time. What can be obtained after having substituted the number of cycles N z for the λt in the formulae above is the crack length changing against the number of fatigue cycles.
Verification of the crack-propagation characteristic as based on the examination of titanium specimens
In order to verify the characteristic that describes propagation of a fatigue crack in a structural component due to the operational load described in Section 2, results of the examination of fatigue crack propagation in standard specimens made of the WT3-1 titanium alloy were used.
Edge-notched specimens of the following dimensions: W = 40 mm and B = 7 mm (Fig. 1) were used in the examination. It has been assumed in this study that the specimens represent structural components subjected to tests. Fig. 1 . A diagram of a specimen used to examine fatigue crack propagation Examination of specimens was carried out using data on the applied loads given in Table 1 . The loading frequency during the tests was 10 Hz. 
10
-7 was obtain. This value enables calculation of the average crack length and determination of how it changes against the number of cycles of a pre-set load, the latter being similar to curve no. 1 plotted in Fig. 2 . Calculated average crack lengths have been given in Table 2 . 
Fatigue life assessment for the assumed level of risk of failure
A permissible length of a fatigue crack in a structural component should be estimated for conditions that may occur in the course of operating a given item of equipment.
To do so, the stress intensity factor in the following form [2, 5] can be applied:
where: M k -correction coefficient that takes account of geometrical characteristics of the component and the crack shape;
σ -load applied to the component (stress).
The stress intensity factor defined with equation (21) The permissible operational crack length can, therefore, be defined with the factor of safety k introduced:
With test results applied and account taken of the behaviour of curve no. 1 in Fig. 2 , the permissible crack length a d = 23 mm can be presumed; hence, the permissible crack-length increment is . mm 6 17 23
With both the probability density function of the crack-length increment in the structural component and the permissible crack length found, reliability of this component can be determined.
The computational formula takes, therefore, the following form:
-a function of the crack length in the component against the number of load cycles; it takes the following form:
The variable a is standardized:
Thus, after standardization, equation (25) Table, for which the integral in eq (28) takes value of the assumed level of reliability R*. The risk of a failure to the component will be then as follows:
After the substitution of equations (11) and (12), equation (29) • reliability R* = 0.999; for this value of reliability γ* = 3.0 is found in the Normal Distribution Table; • material constant m ≅ 4.0;
For the assumed load spectrum, the ω constant can be calculated by formula (32) Table 3 . Table 3 , the following graph has been plotted (Fig. 3) . 
Final remarks
The objective of this study was to verify relationships specified in Section 1. Verification required some experimentally gained material. Therefore, results of our own examination and testing work [1, 3, 4] were used, assuming that:
• the examined specimens represented some structural components, • any structural component in question was subjected to an operational load listed in Table 1 .
Results discussed in Section 4 confirm that the presented method of estimating operational fatigue life, with a stochastic approach adopted, is correct for the assumptions that gave grounds to determine it. Therefore, further development of the proposed method seems fully justified.
